
cal
the
ble

A major purpose of the Techni-
Information Center is to provide
broadest dissemination possi-
of. information contained in

DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-lJR -M-742

~~ IJRZIO p, ~scrnai and $finzhutin (kng, Michigan state Univ.

Daniel Do Strottrnan, “r-2

SUSM~~ f~ J ,-ffl/, i
l’rocedtng~ of ;I “Henvv lun Meetin~, ” Sun Vi411ev B ~..
Fehruarv 22-29, 1988.

I)IS4’I.A131KII

Il. ,.,.., ! A, ;,![!, ;,.1 III It, .Iuol .1 .A.ork .pm.utdralI.i III Irrllt $ Id Ill,. I nllmt\l.ilr*
,. ,.,,. !,1 ., .,1., , ,],, I ..,,, ,1 \, ,1, 1 ,. ... .!!111. ,,1 ,141! 1!1, l~rn, u Ihrlt-11 ,,. ,1 I,lt ,d !Ilrll

,.1 ,,, , ,,, ,~, ,, . , , . !!,1, rt, hr...,..1 !l!ll .11,,! ,,1 ,6\\11111,.\ ,Illb lrvmllIl,lhlllli .,, llyuw\l

1,,18! 1, , ,1,, ,, ,,: ,, . ,.,.,l,l, ,,, ... . ., ,.,l,,l,,(’. . , I ,111s,111,,1111,111,111,.lpp,ll,llll\ plldllll. 111

,.,, m,.,. .!, ,1,,.,.,1 .!, ,,1111 .. II. Ih,,l II. 11.I W,ullll 111,1Inlllllp Illli ,Irlb Ilwllrd llvlll~ ltrkl
1’,,,,- h,lr II In, ,1 \ ,Iwl Ill, NIIIIIr181,11lulmlu, 1, IIrnUaW..at! wIb Itr hf Ir.ulr n.Imr. Ilnulrm.llk.

111,411111.1UIulmrr. 10 ,IthI IWIW IIIWS IMII IIItrWfIlt .IIMNW III Iwl$ II*Allfwlllrlll. lcaall~l
mrml.l!vbll,III l, IbIUIII~ lIi IIIr I In!lrd W,!lri fmmnr!nmrnl IU .tnb ,!pvn} lhrtrid lhF tww~

ml IqImIiIn\ III AIIIhOII*rtprrmrd hrlrm 111111111nrtrwldt .JIIW III wllrd IIIInr III thr
I’nlid ~f,llr~fitltrlnlilrtll III .Im .l~rm} Ihrmd

IkELA[tmilos Los Aiamos National Laboratory
Los Alamos,New Mexico 87545

,“ /: ’”:, ”’.1) ~{ ,,, , ,,, ,1}:!, ,

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



Fluid Dynamical Model of L’ltrarelativistic Heavy Ion C~~llisions t

1ASZ1O P (.-scrnm ● and .Winshuan G(ong

Cyclotron Laboratory, Michigan State L’nlvcrwty

E !.anstng, Michigan, 48824-1321

and

[) D Strottman

Theoretical Division, Los Alamos !fatiorral Laboratory
Los Alamos, New Memco, 87545

ABSTRACT: The aim of the Freeent paper is to investigate the effects a phaae transition to a quark

ulll,~n plasma. During the phase transition a laruc portion of the initial kinetic energy is invested In the
Int,?nt h~al, At late exp=n810nst~mwe galll back this ●nergy u random thermal motion and not M directwt

,11-rtlve flow [n the framework of a three dimensional relativistic fluid dynunica.1 model the sensitivity ‘f

,/ Vq, dy, and < # ‘a .~ on tlw equation of state are pointed out.

FI uid dynamilal calculations have been p~rformed for high energy nuclem collisions alresdy 111. How-
,.!..-~, m!l three-dimensional calcuhtions so far have Included ●n qu-tion of state (EOS) without any phese
I rall~ltion whats~ever, The ph~transitioninbaryon. rich matter k been considered od~ in one - dimcn-

.!,,nR1 calculations up to now Thus a clear prediction of the type of flaid-dynamical flow eignal does not

r-nllv ●Xlst so far Al] “predictions” are based on essentially one-dimensional cdcuhtiorw. The essence of

I II*W predictions is that the transverse flow should decreue in the presence of ● phue transition in a given
,,ll~~gv ~eglon, Th19 19 due to the fact that the preesufcIs~tron~ydtited bythedeconflnement phese

I ran~ltlon In the mixed ph-e region.

In dl fluid dynamical calculation the EOS-S is the buic input ●boat the matter properties The flr~t
l,h.nom~nolo~c~ equations of states were constructed [2-5] by using ● very simple form for the nuclear

,tllmtt~.,1of state The ●nergy density E in term, of density n ●nd temperature 7’ wu pararnetised M a
111111{If the nucleon reet mue, the binding energy, the compreaeiond energy E,~pt ●nd the thetm~ enew
,1. w rtb~d w that Of ● Boit~mal n ide~ gas At high tempersturee pion gu ahouid also be taken into account

Ft,r IhP QGP phu In Sefoth jrder O( perturbation theory the pr~urepintetmeof T ●nd bag constant

/? t~ glvPn bY the MIT bmu m,odel Equ~tlOnof st~te, Having defined both the Hadronic ●nd QCD plaema

ltl!ntlon ~( state, one can create a co,mplete EOS by a MUwell construction, contdning pure phues ●nd a

t*Rl,]n where the above two phaitee coexiot.

F,)r our nunlerlc~ fluid dynamic~ study we h~ve selected one EOS for which we tabulated the pressure

II- n (Ilnrtion of th~ bsryon density and ●nergy dencity The ~elected equation of otate haa ● flr$’ order

Ithnw transition, Fig. 1 Thete sre relatively few cdcuh6ionu yet deecnbing the bsryon rich matter In (he
llltrarelatlvi~tlc ~ner~y re@ori [~,3,0-9], Three dimen~ion~ c~c~atione [1] did not consider s phue transition

111111I~C’D plaema in the E(M, One - dimensional calculations have yielded some intereetina remdh arloing
fr,tinl t Ilc phue tran~ltlon The threehold to reach the mi.~ed phu~ Iiee ●round 4- 5Ge V/~UCkOTI Iaborstorv

1~~.nm ●nrergy, if w? aseume complete otopping, Already ●round 10 - lSGe V/nucleon one might rench the
l,IIt. 1,/~p ph~e of C~~IIr$@ trantp~rency and ~idewurds !IOW might push these threshold somewhat hlghcr,

11111th~~e (~resh~ld VQJUM ●te very promlstng In ●ny CIM@,

DurlnR the fluid dynamical ralculstion iii the one fluid model we always calculate the buycm density 3’
II~t, Illomentum vector ,tf ’ = F and ihe enerqy denaitv 1? = P These quantities are not Lurents Invulant
●,nlnrn, h~l~ th~v nrc obtnl~ed u one could nbgefvp then. in tht frame of the ralculttinn ( which is USUnll V th~

!Ittrlct)n.nuclenn j)r ~hp ntlcl?t]l . nuclttlg r m (fame) T}IP bmtvon denoit,~ ,V IS nrt IIallv the ()’th rnmponcnt

I “ If the Imrvr>n eurr~nt f)ut vector ,VI’ I?urlng th? Pdcula”tlon al cv?rv tim~st~p w? find the lIIrnl r~!t
It,l!,lr .,( ,v~rv flltld CFII and ~$o ~v~u~tt the Invarlanl SrqJar $ar}on densil}- n nnd ●nergy dcngltv I n

I “ V,, ,P z [l~TJ”’ rhtn bv uslnR the E(J!5 w? can find the Iocd preeeure p, wrnperdurc r, ●tc In I “i”r
I!. tirr,jlln~ (or h“th th~ C,)IIPc~lVF fluid.(~yn~mlc~l motion ~n~ (or thp random ~hermnj mntion n(th? nurle(>nq
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l..r(,rmln~ tkr lnt?gral In an appropriate r. fcr-ncr frame ylclds

VII_rP h’ = ?’[ch(y) - Jll#h(y)]/T, and Y’ = 1/ ~ 1 - A?; Integrating this over the rapidity y yields the totttl

I,nrvort number in the fluid cell. The final rapiditv distribution of the baryon charge is then obtained bv

~,lmming up the contributions from all ttre fluid cells:

dN8 _ ~ dN8e.1,
—-

~-~ dy

I’IIIq distribution is that of the net baryon charge only Baryon pairs created during the collision are not

l!~rltlded The calculaletj d,VD/d~ functions kr a ~ymmetric Ca + Ca ceution at 14,5 Ge”V/nucfeon beam
,!l-rgv are shown In Fig 2ab fot Hadromc and QGP EO$Y.
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Fia. 2 Tha n-t bar~ort ch~c~ rapkllty diatrlbution l/iV dN8/dy from ● prdbdrmry calculation in

~l!~ r?lati~ktlc J dimensional OM - IhJd dynmrdcal modol using tho PIC method (]bl. The raaction
,. (“a + L-u, ~Lat, = 14,5GeV/~~/e~, 6 = (),3(& + ~ + t), The t~~a Unto b~long to difhr?nl tlmeti

m~asured from th~ impsct, TWO dlfTerent EQS. O were uoed without (a) ●id with (b) s phao~ transition

iotq LJCJP

~he interesting feature that in both cMes there is a double peak structure ~imilar to the one one would

~~! 1)-1.t from partial transparency.

I’h~ existence of the collective sidewards flow WM predicted long timt ago M the best ~igmd of the com-

l!t..~~lnn Of nuclear matter In ~upet~onlc~hoek.wnv?~ [11).121 WC can evaluate tlrc tranmv?rse flnw . . pm/ll .

ttI rr.lntlvl~tic flttl~ +. namlco, since wc know th? reaction plane ?Xactly ttr~ mn,jor~tvIf the romplicatiolls

,- ll,ln~xlstent In m thw)r~tlcal ealculatlort [ruder the wtrti~ aaeumptions thmt W*rP ttsetl abovr WP ran ml.

II IIIIP t,lt? ~r)n(rihtl~lr~n (I( A fluid cell to th~ tran.ev~r~e nlnrnentum projcctcd !I~ ttl~ reaction plnnc f z, : I

haryon distribution ihcn

P’)P’ /(a! P)
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~ hp~- h. = W[dtIV~ - .31gh(y)l; T , drjt is the ammuth angle of the fluid cell mPMured from the reactlnn plane.

~1~* .onstant’ ..I I; ~ivm In terms of the baryon density and cell temperature aS .4 = n/!4~m3 Kjlm, T)!, and

II YUL ,’T, The average transverse momentum per nucleon at a given rapi~;.v Y is given by

‘i-
-,,11 -%114

< p“ /’a >=
r_,,dNr)c.(l/dy’

In the practical evaluation of < p“ a z We increaaed the temperature of the cells which were colder thsrr

\ s \fPt’, to 15~feV This parily compensates for the negl~ted Ructrmtionsand the underestimated zero

nnd low temperature momentum spread The transverse momentum aa measured by the maximum of the

p’ a > distribution, decrewes with increasing energy. This tendency waa clemly obser~able aIready in the
I,,w-r pnerKY data (131, In Fig, 3ab the calculated < #/a > rapidity distribution are shown with and without

Itlnrk-giuon phase transition under the same conditions as in Fig. 2. We see that the transverse momentum

,n,.rpasm with tim~, In ttre case of phaae transition it is srnaf]er than in the cast without phaae transition bV

:III~IIt a factor of 2 This might serve M signature of QCP phaae transition. Partial transparency, however,
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Sl~mmary In the stopping energy region which is expected to include the phase transition threshn!rl
,n- .nn make usc of a phenomenolugical EOS if the matter isnot too far from local thermal equilibrium

l’h~ ,)ne. fluld dynamical model = one extreme, Msum]ng 10c~ therm~isation, yields strong changes in \he
“I,, W pattern, We expect a strong decreaae in the projected net haryon transverse momentum < p“ ‘a J

III. to the ph~e transition. The rapidity distribution of the baryon charge show~ two peaks according to
t!lr ra~culation~, This is very ~lmfiar tO the belravlour one would expect from strong transparency This

!nfiirnt~ that caution is necmsary when wc draw conclu:

,llisions,
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